Context: Exercise-related medial leg pain (ERMLP) is a common complaint among athletes, and efforts toward rehabilitation are often unsuccessful. Objective: To evaluate the efficacy of a therapeutic intervention in ERMLP localized to soft tissue. Design: A quasi-experimental, nonequivalent control-group study. Setting: Athletic training facility. Patients: 20 volunteer male and female athletes (18-22 y old) with ERMLP. Complete data were available for 13 participants. Intervention: Treatment group (TRE, n = 7) received therapeutic intervention focused on relieving muscle hypertonicity in the deep compartment of the lower leg and restoring balance of the toe flexors and extensors. Control group (CON, n = 6) received no intervention. Main Outcome Measures: Self-reported pain intensity, pain threshold, and extensor hallucis longus to extensor digitorum brevis (EHL:EDB) electromyography ratio. Results: There were no significant differences in age, duration of symptoms, or pain measures between the 2 groups at baseline. CON demonstrated no significant changes in any of the outcome measures in posttreatment testing, but significant between-groups differences were identified for pain during activity (CON mean = 6.5, 95% CI 5.05, 7.95; TRE mean = 3.5, 95% CI 1.67, 5.33; P = .01), change scores for pain during activity (CON mean = 0.33, 95% CI -1.25, 1.91; TRE mean = -3.43, 95% CI:-4.6, -2.25; P < .001), change scores in pressure threshold (CON mean = -0.25, 95% CI -0.74, 0.23; TRE mean = 0.72, 95% CI 0.22, 1.37; P = .006), and change in EHL:EDB ratios (CON mean = 0.05, 95% CI -0.22, 0.33; TRE mean = 1.07, 95% CI 0.75, 2.07; P < .046). Conclusion: Therapeutic interventions focused on restoring muscle balance appear to be effective in resolving ERMLP.
Exercise-related leg pain (ERLP) is a common complaint in athletes and military recruits. [1] [2] [3] [4] [5] [6] However, nomenclature associated with ERLP does not appear to be sufficient to allow practitioners or patients to clearly articulate the injury. The term shin splints has been derided as being overly vague. It has been replaced with exercise-related leg pain and medial tibial stress syndrome, although neither of these phrases identifies the structures involved in the condition or the specific pathology. 3 ERLP is described as a complex condition resulting from microtrauma, rather than macrotrauma, that is characterized by pain in the anterior, posterior, medial, or lateral leg. 3, 4 Thus, ERLP encompasses a variety of medical diagnoses, including medial tibial stress syndrome (MTSS), exertional compartment syndrome, tibial or fibular stress fractures, nerve entrapments, and various tendinopathies. MTSS is one of the most common causes of ERLP and has been identified in the literature as tibialis posterior tendonitis, periostitis, tractioninduced periostitis, compartment syndrome, and tibial stress fracture. 3, 4, [7] [8] [9] [10] Furthermore, a diagnosis of MTSS may include any and all of these conditions-it has been described as a continuum of injury. 7 Injury terminology that allows grouping of conditions that are similar, but not the same, may be helpful in epidemiological studies of regional injuries. However, grouping often lacks specificity relative to anatomical structures and impairment and has potential to limit the development of appropriate and effective interventions. There are well-studied interventions for exercise-related conditions with more specific medical diagnoses, particularly tibial stress fractures 10, 11 and exertional compartment syndrome. 12, 13 Yet therapeutic interventions for exercise-related conditions other than tibial stress fractures and exertional compartment syndrome are often vague or ineffective. 6, 8, 14, 15 The efficacy of interventions may be limited by the use of vague terminology. Current nomenclature encompasses too many diverse conditions to provide adequate descriptors for appropriate and effective therapeutic intervention. Although MTSS localizes complaints to the middle or distal third of the medial aspect of the leg, 5 it does not provide sufficient information to develop an appropriate intervention. Careful examination of MTSS may locate the principal pain in the posteromedial tibial boarder or in the soft tissues of the deep compartment, adjacent to the boarder of the tibia, and these conditions may require unique rehabilitative approaches.
The soft tissues implicated in MTSS include the muscles in the deep compartment: the tibialis posterior, the flexor digitorum longus (FDL), and the flexor hallucis longus (FHL). Medial leg pain, localized to the soft tissue, has often been presumed to be caused by injury to the tibialis posterior. 15, 16 However, the FDL may be a more likely source of medial ERLP, because its origin corresponds with the location of tenderness in patients with MTSS. 17, 18 In addition, the FDL is active through much of the stance phase of the gait cycle, 19 functioning to control ground forces and support the medial longitudinal arch. 20, 21 This chronic contraction may contribute to a muscle imbalance in the leg. Muscles subjected to chronic static or eccentric contractions are prone to developing myofascial trigger points and increased tone. 22 A neurological paradigm would suggest that repetitive movement promotes shortening of muscles that are prone to tightness while simultaneously inhibiting antagonist muscles. 23 Garth and Miller 24 described a relationship between shortening of the FDL, resulting in mild claw-toe deformity, and posteromedial shin pain in runners. Runners who presented with severe tenderness on the posteromedial aspect of the middle third of the tibia also demonstrated alterations in selective activation patterns of the toe extensors and flexors. The authors attributed the medial leg pain to pathologic shortening of the FDL and the muscle-activation alterations to inhibition of the intrinsic muscles of the foot. A study of female marathon runners in Japan identified very strong toe flexors among runners compared with controls and a strong correlation between poor intrinsic foot strength (quantified by firstand fifth-toe abduction) and posteromedial shin pain. 25 Medial ERLP attributed to functional muscle shortening and anatomically related muscle inhibition requires purposeful intervention aimed at correcting muscle imbalance. Therapeutic interventions focused on rest and physical modalities do not address muscle imbalance or alterations in muscle tone. Proprioceptive neuromuscular facilitation (PNF) addresses inhibition and facilitation simultaneously and thus is effective in treating alterations in normal tone. 26 The purpose of this study was to evaluate the efficacy of a neuromuscular-based therapeutic intervention for medial ERLP localized to the soft tissue of the deep compartment (ie, not stress fracture or compartment syndrome). A secondary purpose was to evaluate the use of surface electromyography (sEMG) to illustrate changes in muscle-activation patterns observed by clinicians.
Methods

Design
The study was a nonequivalent pretest-posttest design with a control 27 ; group assignment was not random. It employed a convenience sample of athletes using a single intercollegiate athletic training facility. To reduce potential contamination secondary to participants using a common athletic training facility and observing alternative interventions, participants reporting ERLP during week 1 were assigned to the treatment group and participants reporting ERLP in week 2 were assigned to the control group. This odd/even week pattern was repeated for subsequent participant assignment.
Subjects
Twenty active individuals 18-22 years old (19.1 ± 1.11 y) volunteered to participate in this study. All participants were engaged in regular, strenuous physical activity at the time of the study and complained of moderate to severe medial ERLP that was disrupting desired training activity (duration of symptoms 35 ± 19.6 d). All reported failed attempts at self-treatment with cryotherapy and stretching. Inclusion criteria included regular (>3 d/wk) moderate-to high-intensity physical activity and complaints of ERLP localized to the soft tissue of the medial leg with trigger points in the deep compartment. Exclusion criteria included medical diagnosis of stress fracture or compartment syndrome. Participants demonstrating or reporting pain localized to an area of less than 5 cm on the middle to distal thirds of the tibia; night pain; complaints of cramping, burning, and aching pain during exercise; or sensory abnormalities were excluded from the study.
Instrumentation
A pressure algometer 28 was used to measure pressure threshold (PTH) of trigger points identified in the deep compartment. This device was found to be reliable, with a tendency to overestimate pressure by 5% compared with a Sodomic algometer (Farsta, Sweden). 28 This potential overestimation was acceptable to the investigators because the critical factor was not the actual measure but the difference in measures relative to treatment. Algometers have been found to be reliable and valid measures of trigger-point PTH. 28 Muscle-activity patterns were assessed through sEMG. Preamplified (10 V/V) silver Delsys 3 double differential contact EMG electrodes (1-cm spacing between 10 × 1-mm bars) with overall gain of 1000 were used. A bandwidth of 20 to 450 Hz was recorded. The Delsys Bagnoli amplifier has a common-mode rejection ratio at 60 Hz of >80 dB, an input impedance of >10 15 Ω, and overall noise of < 1.2 μV (RMS, R.T.I). Data were collected via a Biopac data-acquisition system (Biopac Systems, Inc, Goleta, CA), sampled at 2000 Hz, and stored for later analysis.
Procedures
All subjects provided informed consent before participation in this study, which was approved by the institutional review board. All data were collected by the same investigator (K.R.N.). Participants were assigned to groups without regard to sport, sex, or injury history. They were queried regarding the onset of symptoms, prior treatment for the injury, and level of pain during activity and at rest.
Pain was quantified on an 11-point numeric rating scale, where 0 indicated no pain and 10 indicated unbearable pain. Palpation of the soft tissue on the medial aspect of the leg identified trigger points in the deep compartment. Trigger points were marked with permanent ink, and locations were measured and recorded for accuracy in subsequent measures. With the participant seated on a plinth, knees flexed to 60° and the foot supported, the PTH was measured with an algometer by instructing the subject to notify the investigator when the pressure applied to a trigger point transitioned from pressure to pain. The pressure indicated on the algometer at that point was recorded. The participant remained seated, and knee flexion was increased to 90° with the foot flat on a firm surface for neuromuscular-control evaluation and sEMG. Neuromuscular control was operationalized as the ability to extend the great toe while the lesser toes remained in a neutral position, as well as the ability to extend the lesser toes while the great toe remained in a neutral position.
sEMG was used to identify the ratio of activity in the extensor hallucis longus (EHL) relative to that in the extensor digitorum brevis (EDB). The EDB was targeted rather than the extensor digitorum longus to increase the distance between electrodes. Electrodes were placed parallel to the muscle fibers on the dorsal lateral aspect of the foot, halfway between the ankle and the base of the toes (EDB) and directly over the EHL tendon, immediately lateral to the tendon of the tibialis anterior at a level just superior to the medial malleolus. 29, 30 A reference electrode was placed on the medial malleolus.
Subjects initially completed maximal voluntary contractions of each muscle against manual resistance. They were then instructed to contract the target muscle (eg, EHL) without contracting the accessory muscle (eg, EDB) and hold the contraction for 5 seconds. For each 5-second contraction, the middle 3 seconds were analyzed. Raw EMG data were quantified by root-meansquare calculation over a 0.3-second moving window. The amount of EMG activity was normalized to the maximal voluntary contraction. The ratios of normalized EHL/ EDB or EDB/EHL (numerator being the muscle asked to be contracted) were then used for statistical analysis.
Intervention
The therapeutic intervention used in this study involved neuromuscular facilitation and inhibition techniques ( Table 1 ). In the first phase of the intervention, PNF techniques (ie, slow reversal, hold-relax, contract-relax) were used to relieve trigger points in the deep compartment. The FDL was treated independently of the FHL. Specifically, a slow-reversal technique (alternating submaximal concentric contractions of the FHL and EHL) was performed for 4 or 5 repetitions, followed by 4 or 5 repetitions of a contract-relax technique (submaximal isotonic contraction through the range of motion followed by passive extension) for the FHL. A hold-relax technique (submaximal isometric contraction at end range of extension) was then applied for 4 or 5 repetitions for the FHL. The investigator monitored end feel and perceived resistance to motion to ensure that relaxation had been achieved. If muscle tension was not improved, the investigator repeated PNF techniques. Release techniques were followed by reeducation, or facilitation, of the toe extensors. Using visual and tactile stimulation, passive positioning, and eccentric contractions, the participant attempted to control isolated extension of the great toe while the lesser toes remained still. Specifically, the investigator would instruct the participant to observe the great toe during attempts at extension. To facilitate extension, the investigator also applied a light touch or a gentle tap to the EHL tendon as a stimulus or applied gentle pressure (resting a finger) on the distal aspect of the toe (over the toenail). Passive positioning of the great toe into extension was accompanied by commands to hold the toe in that position (isometric contraction) and then to resist motion as the toe was lowered to neutral (eccentric contraction). These techniques were repeated until muscle recruitment improved or until the participant demonstrated signs of fatigue. At this time, the focus shifted to extension of the lesser toes while the great toe remained still. The same techniques were used for the lesser toes. The exercises were repeated once (2 sets total). Completion of the neuromuscular exercises (relaxation and facilitation) required approximately 15 minutes.
Participants were told to perform the toe-extension exercises with a finger resting on the distal aspect of the toe for tactile stimulation (2 sets of 5 repetitions for both the great and lesser toes) before returning for the second treatment session. As they demonstrated the ability to selectively extend the great toe without simultaneous extension of the lesser toes, manual resistance was added to the distal aspect of the toes; typically this occurred during the second treatment session.
Participants transitioned to the second phase when they demonstrated the ability to selectively extend the great and lesser toes independently against moderate resistance. This was generally on the third day of treatment. In the second phase, PNF stretching techniques and toe exercises were continued and the participant was instructed in the performance of the "short foot" exercise, which targets the intrinsic muscles of the foot. 31 The short-foot exercise requires the participant to attempt to draw the ball of the foot toward the calcaneus without extraneous motion of the leg or flexion of the toes. This can be facilitated by applying pressure to approximate the midfoot and calcaneus and instructing the patient to attempt to elevate the medial longitudinal arch while the metatarsal heads remain in contact with the ground. 23, 31 The short-foot exercise was introduced with the participant in a seated position with the foot on a carpeted surface. The exercise progressed to standing, and then to half-and full-stride activities, all while the short-foot position was maintained.
By the fifth day of treatment, the participant progressed to phase 3, which included resisted inversion, eversion, and dorsiflexion exercises with attention to control during the eccentric phase. This was accomplished by suspending a cuff weight from the forefoot and instructing the participant to focus on smooth motion while lowering the weight. All treatment sessions included PNF techniques to relax the toe flexors, resistance exercises for the toe extensors, and 3 to 5 minutes of stretching for the gastroc-soleus complex. Cryotherapy (ice massage) was applied after therapeutic intervention. No restrictions on training and exercise were imposed on the treatment group, and normal athletic participation was encouraged.
Each participant in the treatment group was treated daily (Monday through Friday) in the athletic training facility and instructed to perform toe-extension exercises (2 × 5-15) and short-foot exercises (10 × 10 s) at home in the evening during the first week of treatment. The focus of the home exercise program was muscle activation, with mental focus prioritized over heavy resistance.
The participants were retested at 1-week intervals after initial testing to evaluate changes in perceived pain (on a numeric rating scale), PTH, and neuromuscular control (EHL:EDB and EDB:EHL ratio). Participation was considered complete when the patient reported a meaningful change in pain during activity (meaningful change: ≥3/10) 32 and demonstrated selective activation of the EHL and EDB or at the end of the 2-week treatment regimen. Participants were encouraged to continue stretching and strengthening for up to 3 weeks after completion of the study, although this was not monitored. Finally, participants in the treatment group were contacted 3 months after completion of the study regarding recurrence of leg pain.
Control group participants reported for data collection and were instructed to maintain normal activity including any treatment they had been using to relieve medial ERLP. They were to refrain from any new exercise regimens, including practice of the testing procedures, during study participation. Follow-up testing was performed 14 days after initial testing. A 3-month follow-up query was not made of the control group.
Data Analysis
Descriptive analysis was used for participant characteristics. An ANOVA was performed to evaluate the differences between the groups and on the effect of the intervention on pain during activity, PTH, and the ability to control the muscles of the foot as demonstrated by changes in the EHL:EDB and EDB:EHL ratios. A Pearson product-moment correlation was used to evaluate the relationship between pain intensity, PTH, and sEMG ratio outcomes.
Results
All participants initially presented with trigger points in the soft tissue of the medial aspect of the leg and lacked sufficient neuromuscular control to extend the great toe without simultaneous extension of the lesser toes. Because of participant attrition and data corruption, we obtained complete data sets for only 13 participants (treatment n = 7, control n = 6). The average duration of symptoms before seeking professional intervention was 35 (± 19.26) days, and the average duration of treatment was 9 (± 3.4) days (Table 2) . Participants in the control group were not significantly different from the treatment group in regard to age (F = 0.067, P = .8), duration of symptoms (F = 0.68, P = .43) (Table 3) , or other pretreatment measures with the exception of EDB:EHL ratio (F = 17.46, P = .002).
Statistically significant differences between groups were identified in posttreatment testing in regard to pain during activity (F = 9.69, P = .01), the change in pain during activity (F = 23.89, P < .001), the change in PTH (F = 11.52, P = .006), and the change in EHL:EDB ratio (F = 5.042, P = .046) ( Table 4) . No participants in the treatment group indicated a recurrence of pain at 3-month follow-up (control group did not receive a 3-mo follow-up).
Pearson product-moment correlation demonstrated moderate to strong relationships between pain-change scores and PTH-change scores (r = .6, df = 12, P = .016) and sEMG-ratio-change scores (r = .7, df = 12, P = .004).
Discussion
The participants in this study presented with moderate to severe medial ERLP that did not respond to selftreatment. The treatment group reported significant improvement in pain-related symptoms within 2 weeks of treatment and reported no recurrence of leg pain in the 3 months after the intervention. Retrospective selfreports of pain during activity are quite subjective, but these measures have been found to be reliable indicators of outcomes. 32 To provide more objective measures, an algometer was used to measure the PTH in trigger points in the deep compartment and sEMG was explored as a means of illustrating changes in muscle-activation patterns. The treatment group demonstrated improvement in both PTH and EHL:EDB ratio after the intervention. These measures demonstrated moderate to strong correlation with pain-change scores, which may allow them to be viewed as surrogate outcomes. The intervention used in this study was employed without consideration of participant foot structure or degree of pronation and differs from interventions found in the literature in that exercise restriction, taping, bracing, and orthoses were not used. Previous reported interventions included some form of exercise restriction or modification. A study conducted with naval recruits found that rest was a critical factor in return to activity, and participants with symptoms lasting longer than 10 days found relief from pain only after they refrained from running. 6 Rest, in conjunction with cryotherapy and a gradual return to activity, provided more efficient relief from symptoms than other interventions including NSAIDs, stretching, and immobilization, although all participants did eventually return to activity. 6 Moen et al 33 reported on a study of Danish military recruits in which approximately 75% of participants were able to return to activity after a 14-day rest period, and lowenergy laser therapy as an additional intervention did not enhance recovery. Rest is also the preferred primary treatment of orthopedic surgeons surveyed for tibial stress injuries, with prescribed periods of rest ranging from 1 to 16 weeks (average 6.6 wk). 34 Rest, however, does not always provide relief from symptoms. In a third report on military recruits, 7 days of rest failed to relieve medial ERLP symptoms. 14 Furthermore, the use of a shin orthosis during the rest period and subsequent gradual return to exercise failed to demonstrate a benefit for participants compared with controls.
The previously indicated studies on military personnel suggest that participants may delay or avoid reporting injuries that could result in loss of physical training or completion of physical fitness testing protocols associated with promotion, leave, or assignment. 6, 14 The athletic population likely has similar lack of reporting, particularly when there is a strong desire to continue participation in upcoming events. The intervention in the current study did not require that participants rest from physical activity, and each continued with sport-specific training during treatment. An effective treatment protocol that does not restrict physical activity may encourage earlier reporting of injuries.
Rompe et al 35 reported significant improvement for participants with MTSS undergoing low-energy extracorporeal shock-wave therapy compared with a control group using a home training program (stretching and strengthening) focused on extrinsic muscles. All participants were required to refrain from exercise for a minimum of 4 weeks, with the earliest return to participation at 6 weeks. In contrast, our intervention did not require participants to refrain from exercise and found significantly reduced pain within 2 weeks of treatment. Furthermore, our initial treatment required clinician-participant interaction (PNF techniques) and supervised treatment; a home program was used to supplement the supervised treatment during the study protocol. In addition, the stretching and strengthening exercises used in this study addressed both extrinsic and intrinsic muscles, with attention to the trigger points in the deep compartment.
The PNF techniques used to release trigger points provided rather expeditious reduction of pain. However, this effect was likely to be temporary without restoration of neuromuscular function of the inhibited muscles because facilitation of the antagonist muscles promotes longer-lasting relaxation of the agonist muscles through reciprocal inhibition. 36, 37 Therefore, we believe that the agonist release must be coupled with antagonist contraction to provide lasting relief. We addressed endurance of the intrinsic flexors and extrinsic extensors through manual-resistance exercises. We also incorporated functional activities to ensure that participants could incorporate appropriate muscle-activity patterns in a relatively low-stress environment.
In the initial evaluation of medial shin pain, primary complaints were localized to the deep compartment of the leg. Some patients also complained of pain in the muscles in the anterior musculature, but this was believed to be secondary to a cascade of events that begins with trigger-point development in the deep compartment, specifically in the FDL. The painful nodules contribute to the hypertonic state of the extrinsic flexors and to the associated inhibition of the extrinsic extensors. 22, 37 Smooth coordinated movement in the foot and ankle requires a balance between excitation and inhibition in the flexors and extensors. 19 This balance is disrupted as 1 muscle group becomes hypertonic and the antagonist group becomes inhibited. The inhibited muscles are unable to adequately respond to loads placed on them, and substitution patterns are developed until purposeful intervention is initiated. 23, 36 The substitution patterns in repetitive-movement syndromes include synergist dominance as the increased tone of the extrinsic toe flexors lowers the excitability threshold, causing these muscles to respond more rapidly to a stimulus. 22, 23 With a lowered excitability threshold the hyperresponsive extrinsic flexors dominate efforts to flex the toes, creating a toe-gripping action. The inhibited intrinsic muscles of the foot are unable to stabilize the metatarsal phalangeal joints in a neutral position. The extrinsic toe extensors are also inhibited, by virtue of reciprocal inhibition, and are unable to maintain normal function of countering the toe flexors. Janda 37 described the inhibition associated with muscle imbalance as pseudoparesis: Muscle function is present, although tone and force may be diminished and activation sequence or movement patterns may be disrupted. In manual muscle testing, the inhibited muscle may test at a 3 or 4 on a scale of 0 to 5 and demonstrate delayed firing or uncoordinated movement patterns. 37 The combination of extrinsic flexor dominance and intrinsic muscle inhibition has been previously associated with medial ERLP. 24, 25 The participants in our study demonstrated this muscle imbalance; none were able to maintain metatarsal phalangeal stabilization of the lesser toes while extending the great toe. After completion of the neuromuscular-based intervention, all members of the treatment group demonstrated the desired stabilization and movement patterns (inexplicably, 1 member of the control group also did). The improved technique was characterized by decreased extraneous motion in the lesser toes, and these clinical observations were supported by changes in EHL:EDB sEMG. Konrad 38 proposed using sEMG ratios to quantify differences between pretestposttest measures. In our study, the increase in the ratio mean score confirmed what we were observing clinically.
With the pretest ratio of 1.22 (± 0.86), one could expect to see relatively similar amounts of activity between the EHL and EDB, while with the posttest ratio of 2.29 (± 1.85) one could expect to see less relative activity in the EDB and less motion in the lesser toes.
The sEMG was used in an exploratory manner in this study. We were interested in identifying an objective measure that would support what we were seeing clinically (ie, improved control of the toe flexors and extensors). A previous report of sEMG as a means of quantifying efficacy of sport-specific training found some improvement in muscle contractile properties in tennis players after training in tennis-specific field tests. 39 At this time, we believe that the sEMG ratio has promise as an objective measure of apparent changes in muscle cocontraction related to a specific intervention.
Finally, repetitive stress, trauma, disease, and disuse atrophy can contribute to muscle imbalance. The participants in this study were not queried regarding history of injury, but all had exercise histories suggestive of overuse. It is possible that prior injury to the ankle or knee may have contributed to the current condition by virtue of reflexive or autogenic inhibition of the muscles in the leg. 36, 40 A more thorough history, identifying prior injury, may lead clinicians to a more focused examination of muscle function and muscle balance in the leg. Identification and treatment of muscle imbalance may reduce the high rate of recurrence of this injury in physically active individuals. 3, 4, 36 Our treatment group demonstrated significant improvement after the integrated therapeutic approach. We cannot report on the effect of any single facet of the therapeutic intervention. All participants had previously failed self-treatment that consisted primarily of cryotherapy and gastroc-soleus-complex stretching. Our intervention also included cryotherapy and stretching, but the additional focus on muscle imbalance appears to have provided a better outcome overall. We believe that the integrated approach was essential to the improvement identified in the treatment group and feel that the strong correlation between change in pain scores and sEMG ratio illustrate the importance of an integrated approach to treating this condition.
Conclusions
Currently the literature does not provide adequate guidance for clinicians seeking treatment protocols beyond rest for ERLP localized to the soft tissue of the medial aspect of the leg. The integrative approach described in this study did not require that participants refrain from exercise and instead focused on releasing trigger points, restoring muscle function, and incorporating functional exercise. The treatment group reported prompt and effective relief of medial ERLP localized to the soft tissue and demonstrated increased PTH and increased EHL:EDB ratios after intervention; in contrast, the control group reported increased ERLP and demonstrated decreased PTH and EHL:EDB ratios. This intervention is intended to treat medial leg pain associated with muscle imbalance in the leg; it is not suggested for the treatment of compartment syndrome or stress fractures. Although it is possible for some of these injuries to coexist, this investigation focused on trigger points and hypertonic muscles in the deep compartment. Additional research in this area is required to determine the efficacy of this rehabilitation approach under a variety of conditions. Future studies may include the effect of this protocol on static and dynamic measures of foot posture, effect on attenuation of ground-reaction forces, and outcomes in different populations.
Limitations
We used a quasi-experimental, nonequivalent controlgroup design denoted by Campbell and Stanley. 28 This design has sources of invalidity, including selection bias and the interaction between selection and treatment. Participants were not randomly assigned to groups, introducing a potential for selection bias. In addition, the interaction between selection and treatment may have introduced bias because neither the investigators nor the participants were blinded to the condition, so the experimental group may have perceived greater improvement in pain-related scores. Both groups experienced similar mortality, or attrition, so the bias introduced by participant mortality should be considered in this light. Finally, we explored limited aspects of pain (intensity and threshold), and additional measures may have provided greater insight to the complex nature of pain.
